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(54) Nuclear magnetic logging 

(57) An elongated probe suitable for 
lowering down a borehole for nuclear 
magnetic logging has a pair of similar 
cylindrical magnets 1 and 2 separated 
by a gap in which a solenoid 3 is 
symmetrically disposed. The solenoid 
has a core 4 of high permeability 
ferrimagnetic material and has a length 
preferably equal to half the length of the 
gap. The magnets 1 and 2 and solenoid 
3 with its core 4 are contained within a 
hollow cylindrical casing 5 of 
non-magnetic material. The static & 
RF(coil) magnetic field distributions are 
such that after suitable filtering 
upwards of 95% of the NMR signal 
a rises from points more than 10 cm 
from the probe axis & is hence properly 
representative of the earth formation. 
Provision of the core also increases the 
Q of the coil & the signal to raise ratio of 
the signal. 
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SPECIFICATION 

Nuclear magnetic logging 

5 Nuclear magnetic logging is a borehole technique in 
which information relating to a fluid (such as water 
or oil) in a geological formation is derived by 
performing nuclear magnetic resonance (NMR) ex- 
periments with a probe located in a borehole 

10 extending through the formation. The relevant nuc- 
lei are normally protons, and the measured para- 
meters in respect of the fluid may include spin 
density and the relaxation times commonly denoted 
Tt and T 2 . Hitherto it has been the usual practice in 

15 nuclear magnetic logging to arrange for the polaris- 
ing field H 1 which excites the NMR to be a steady 
field generated by a constant current flowing 
through a coil in the probe, and to utilise the earth's 
magnetic field as the field Ho about which the 

20 nuclear spins process during signal acquisition; this 
arrangement of course differs from the one used in 
conventional NMR spectrometers, in which the field 
H 0 is generated by a magnet system and the field Hi 
is generated by a high frequency alternating current 

25 flowing through a coil. 

Although offering the advantage over other bore- 
hole logging techniques of obtaining signals directly 
from an extractable fluid, nuclear magnetic logging 
has not so far been put to widespread use. A major 

30 problem encountered with the technique is that of 
ensuring that the desired NMR signals are not 
swamped by signals arising either from fluid in the 
borehole orfrom fluid in a disturbed region of rock 
immediately surrounding the borehole (which re- 

35 gion will not usually be typical of the bulk of the 
formation). This selectivity problem is accentuated 
for the field arrangement normally used because 
with that arrangement the sensitivity falls off rapidly 
with distance from the axis of the borehole. Previous 

40 attempts to deal with this problem have involved the 
use of specially doped fluid in the borehole, but this 
is undesirable when logging water wells. It would in 
any event be preferable for the probe itself to be of a 
form inherently capable of affording a high degree of 

45 the desired spatial selectivity. 

The present invention seeks to meet this require- 
ment by providing a probe for use in nuclear 
magnetic logging, the probe being of elongated 
form suitable for lowering down a borehole with its 

50 longitudinal axis extending vertically, and incorpor- 
ating a pair of similar cylindrical permanent magnets 
disposed with their axes substantially coincident 
with said longitudinal axis and separated by a gap 
extending between like poles of the two magnets, a 

55 solenoid disposed about the centre of in said gap 
coaxial with the magnets, and a core of magnetic 
material disposed within the solenoid. 

Preferably the solenoid is disposed symmetrically 
in said gap. Preferably also the core of the solenoid 

60 is of a high permeability ferrimagnetic material. 
In use of such a probe the field H 1 is generated by 
a high frequency current flowing through the sole- 
noid, which may also suitably serve to pick up the 
NMR signals; it will normally be appropriate to 

65 utilise conventional pulsed NMR techniques. The 



field H 0 generated by the magnets and shaped by the 
core within the solenoid exhibits an inhomogeneous 
form such that appropriate spatial selectivity can be 
achieved by frequency discrimination, suitably by 
70 filtering the received NMR signals prior to detection; 
the basis for this is of course the fundamental 
equation F = yHHit, relating resonance frequency F 
to magnetic field H (7 being the gyromagnetic ratio 
for the relevant nuclei). The provision of the core 
75 within the solenoid is also significant in enabling a 
satisfactory signal to noise ratio to be achieved. 

The invention will be further described and ex- 
plained with reference to the accompanying draw- 
ings, In which :- 
80 Figure 1 is a diagram illustrating the layout of the 
essential components of one probe in accordance 
with the invention; and 
Figures 2(a) to 2(d) are explanatory diagrams. 
Referring to Figure 1 , the probe includes a pair of 
85 similar permanent magnets 1 and 2 fabricated from 
a material of the type incorporating a cobalt- 
samarium alloy with a polymeric binder. The mag- 
nets 1 and 2 are of cylindrical form of length about 50 
cm and diameter about five cm, and are disposed 
90 coaxial ly with like poles facing each other and 
separated by a gap of length about 50 cm. Symmet- 
rically disposed within this gap and coaxial with the 
magnets 1 and 2 is a solenoid 3 having a length of 
about 25 cm and an external diameter of the 
95 magnets 1 and 2. The solenoid 3 consists of a copper 
winding formed on a core 4 of a high permeability 
ferrimagnetic material, for example constituted by a 
rod of manganese-zinc ferrite material. In a complete 
probe the components 1 to 4 are mounted coaxially 

100 within the cylindrical casing of non-magnetic mate- 
rial, which is indicated in outline at 5 and which has 
an external diameter of about 7 cm; the casing 5 may 
also house at least part of the electronic circuitry (not 
shown) required to carry out the NMR experiments. 

105 The casing 5 is suspended at one end from one end 
of a cable (indicated in outline at 6) by means of 
which the probe can be lowered down a borehole 
with the longitudinal axis of the casing 5 extending 
vertically; the cable 6 incorporates conductors via 

110 which energising and/or signal currents can be 
passed between the probe and the part of the 
logging equipment located at the surface. 

In explaining the design of the probe illustrated in 
Figure 1 , it is convenient to denote the longitudinal 

115 axis of the probe as the Z-axis and to define the 

plane Z = 0 as that plane perpendicular to the Z-axis 
which bisects the gap between the magnets 1 and 2. 
In respect of the requirement for spatial selectivity it 
is assumed that it is desired to discriminate as far as 

120 possible against any NMR signals arising from 
points less than say 1 0 cm from the Z-axis. It is 
appropriate firstly to consider an arrangement simi- 
lar to that shown in Figure 1 but with the core 4 
omitted; because of the symmetry of the arrange- 

125 ment about the plane Z = 0, at any point in this plane 
the field H 0 generated by the magnets is directed 
wholly radially while the field H-, generated by the 
solenoid is directed parallel to the Z-axis and hence 
perpendicular to the field H 0 . Figure 2(a) illustrates 

1 30 for this arrangement how the strength of the field H 0 
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varies with distance R from the Z-axisfor points in 
the plane Z = 0; the maximum value of the field . 
occurs for a value of R equal to G/2\/T, where G is 
the length of the gap between the magnets. So far as 
5 points in the plane Z = 0 are concerned, the spatial 
selectivity requirement can be met by restricting the 
detected NMR signals to a band of resonance 
frequencies corresponding to values of the field H 0 
lying between the lines A and B in Figure 2(a); for 

1 0 protons this band will be approximately 56-67 kHz. It 
is however necessary to consider also points away 
from the plane Z = 0, and in Figure 2(b) the shaded 
area represents (for positive values of Z) the area in 
any plane passing through the Z-axis for which the 

15 proton resonance frequency will lie within the 
quoted frequency band; there is of course a sirnifar 
area for negative values of Z and the volume of 
effective sensitivity can be obtained by rotation of 
these two areas about the Z-axis. As will be seen 

20 from Figure 2(b), the spatial selectivity is far from 
ideal for the arrangement being considered, since 
some 20% of the detected NMR signals would arise 
from points within 10 cm of the Z-axis. Moreover, 
calculations indicate that for such an arrangement 

25 the signal to noise ratio would be impracticably low. 
The effect of the inclusion of the core 4 can be 
appreciated from Figures 2(c) and 2(d), which are 
diagrams respectively similar to Figures 2(a) and 
2(b) but relating to the probe illustrated in Figure 1. 

30 In this case the lines C and D in Figure 2(c) and the 
boundaries of the shaded area in Figure 2(d) corres- 
pond respectively to proton resonance frequencies 
of 41 .8 and 46.2 kHz; by filtering the received NMR 
signals with a filter having a pass band matching 

35 these values it should be possible to ensure that 
upwards of 95% of the detected signals emanate 
from points more than 10 cm from the Z-axis and 
hence properly representative of the formations 
under investigation. Moreover due to the effect of 

40 the high permeability core increasing the Q factor of 
the coil it is estimated that the signal to noise ratio 
should be several times higher for the probe illus- 
trated in Figure 1 than for the similar arrangement 
with the core 4 omitted. In particular the signal to 

45 noise ratio should be high enough to enable accu- 
rate measurements of proton spin density (and 
hence free fluid index) to be obtained with a signal 
averaging time of three or four seconds, which 
would for example enable a vertical resolution of 

50 about 25 cm to be achieved within a reasonable 
logging rate of aboutfour metres/minute. The probe 
can of course also be used for making measure- 
ments of one or other of the relaxation times Tj and 
T 2 , but in this case it is envisaged that the probe 

55 would be maintained stationary with the vertical 
resolution being about 1 5 cm. 
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longitudinal axis and separated by a gap extending 
between like poles of the two magnets, a solenoid 
disposed about the centre of said gap coaxial with 
the magnets, and a core of magnetic material 
70 disposed within the solenoid. 

2. The probe as claimed in Claim 1 in which the 
solenoid is disposed symmetrically in said gap. 

3. The probe as claimed in either one of the 
preceding claims in which the length of the solenoid 

75 is approximately equal to half the length of the gap 
between the magnets. 

4. The probe as claimed in anyone of the 
preceding claims in which the core is of a high 
permeability ferrimagnetic material. 

80 5. The probe as claimed in any one of the 
preceding claims in which the magnets are fabri- 
cated from material incorporating a cobalt/samar- 
ium alloy. 

6. A probe for use in nuclear magnetic logging 
85 substantially as described herein with reference to 
the accompanying drawings. 
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60 1 . A probe for use in nuclear magnetic logging, 
the probe being of elongated form suitable for 
towering down a borehole with its longitudinal axis 
extending vertically, and incorporating a pair of 
similar cylindrical permanent magnets disposed 

65 with their axes substantially coincident with said 



